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SYSTEM AND METHOD FOR SENSING VEHICLE 
ROLLOVER 

TECHNICAL FIELD 

[0001] The present invention relates to occupant protec 
tion and, more particularly, to a system and method for 
sensing a vehicle rollover condition for helping protect a 
vehicle occupant. 

BACKGROUND OF THE INVENTION 

[0002] In order to detect a vehicle rollover condition, a 
vehicle may be equipped With one or more sensors for 
detecting the occurrence of vehicle rollover. The sensors 
typically are connected to a controller that controls actuation 
of one or more actuatable devices, such as an occupant 

restraint, to help cushion and/or restrain the occupant during 
vehicle rollover. 

[0003] For example, US. Pat. No. 5,825,284 discloses a 
vehicle rollover system having a sensor that provides a 
signal indicative of lateral acceleration of the vehicle. A 
processor calculates a roll moment based on the sensor 
signal, Which provides a visual display indicating the like 
lihood of vehicle rollover. Various devices also have been 
proposed for detecting an angular orientation of an object. 
For example, US. Pat. No. 5,329,121 to Leviton, US. Pat. 
No. 4,207,463 to Iyeta, US. Pat. No. 5,670,780 to LeWis, 
US. Pat. No. 5,103,090 to Weiner et al., and US. Pat. No. 
4,320,293 to GuretZky each discloses a measuring device 
that senses angular rotation of a body using optical emitters 
and detectors. 

SUMMARY OF THE INVENTION 

[0004] One aspect of the present invention provides a 
rollover sensing system that includes a roll rate sensor 
operative to sense a rate of vehicle rotation about an axis 
extending through the vehicle and to provide a roll rate 
signal having an electrical characteristic indicative of the 
sensed rate of vehicle rotation. A controller is connected to 
the roll rate sensor and is operative to determine a roll angle 
of the vehicle based on the roll rate signal. The controller 
includes a threshold having a value functionally related to 
roll angle. The controller determines the occurrence of a 
vehicle rollover condition in response to the sensed roll rate 
crossing the threshold. 

[0005] Another aspect of the present invention provides a 
method for sensing a vehicle rollover condition. The method 
includes the steps of sensing a roll rate of rotation of the 
vehicle and determining a roll angle based on the sensed roll 
rate. A roll rate threshold is provided Which has value is 
functionally related to roll angle. Acontrol signal is provided 
in response to determining that the sensed roll rate crosses 
the roll rate threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The foregoing and other features and advantages of 
the invention Will become more apparent to one skilled in 
the art upon consideration of the folloWing description of the 
invention and the accompanying draWings in Which: 

[0007] FIG. 1 is a block diagram of a system in accor 
dance With an exemplary embodiment of the present inven 
tion; 

Jun. 20, 2002 

[0008] FIG. 2 is a graphical representation of a variable 
threshold value for use in the present invention, With roll rate 
being on the Y-axis and roll angle index being on the X-axis; 

[0009] FIG. 3 is How diagram illustrating operation of the 
system of FIG. 1; 

[0010] FIGS. 4-7 are graphical representations of roll rate 
versus roll angle index during various types of vehicle 
rollover conditions; and 

[0011] FIGS. 8 and 9 are graphical representations of roll 
rate versus roll angle index during vehicle non-rollover 
conditions. 

DESCRIPTION OF AN EXEMPLARY 
EMBODIMENT 

[0012] FIG. 1 illustrates an occupant protection system 
10, in accordance With the present invention, Which is 
mountable in a vehicle 12. The system 10 includes a roll rate 
sensor 14 Which is operative to sense a roll rate of rotation 
of the vehicle 12 about an axis of the vehicle. The roll rate 
sensor 14 may be mounted in the vehicle 12, such as at 
central vehicle location, so as to sense a rate of vehicle 
rotation about a longitudinal axis of the vehicle (e.g., an 
X-axis oriented parallel to a direction of travel or front-to 
aft), and/or about an axis transverse to the X-axis of the 
vehicle (e.g., a Y-axis extending laterally through the vehicle 
12 substantially perpendicular to the X-axis). 

[0013] By Way of example, the roll rate sensor 14 may be 
a microminiature structure con?gured to sense angular 
velocity (e.g., roll rate of a vehicle) and fabricated using 
semiconductor manufacturing techniques. An example of 
such a sensor is the GYROCHIPTM industrial solid state 
rotation sensor, Which is commercially available from BEI 
Sensors and Systems Co. of Concord, Calif. The GYRO 
CHIPTM sensor uses the Coriolis effect to produce a DC 
voltage having a value proportional to the rate of rotation 
about an axis of the sensor. Accordingly, upon sensing a rate 
of angular rotation in ?rst direction about its axis, the DC 
output signal from the sensor (e. g., 14) is positive. Similarly, 
an angular rate of rotation in the other direction about the 
sensor axis provides a negative sensor output signal. Thus, 
the magnitude of the sensor output signal indicates the rate 
of rotation and the sign indicates the angular direction or the 
rotation rate relative to the sensor axis. 

[0014] Referring back to FIG. 1, the roll rate sensor 14 
outputs a signal to an analog ?lter 16 having an electrical 
characteristic indicative of the sensed rate of rotation. The 
?lter 16 is selected so as to remove frequency components 
from the roll rate sensor signal that are not useful in 
discriminating a vehicle rollover condition. The ?lter 16 
provides a ?ltered roll rate signal to an appropriate analog 
to-digital (A/D) converter 20. The A/D converter provides a 
digitiZed, ?ltered signal to a controller 26 of the system 10. 
The A/D converter 20 is illustrated as being external to the 
controller 26, although it, alternatively, could be an integral 
part of the controller. 

[0015] The elements shoWn in the controller block 26 
correspond With operations performed internally by the 
controller. The controller 26, for example, is a microcom 
puter programmed to perform the illustrated operations. 
Such functions alternatively could be performed With dis 
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crete circuitry, analog circuitry, a combination of analog and 
discrete components and/or an application speci?c inte 
grated circuit. 

[0016] Additional digital ?ltering of the roll rate signal 
preferably occurs at the controller 26. In particular, A/D 
converter 20 provides the digitiZed signal to a digital high 
pass (“HP”) ?lter function 28. The high pass ?lter function 
28 may, for example, be selected to have a time constant 
Which results in resetting the ?lter function after a prede 
terrnined time period, such as about three seconds. 

[0017] The high pass ?lter function 28 provides a signal to 
a loW pass (“LP”) ?lter function 30. The loW pass ?lter 
function 30 srnoothes the roll rate signal by removing noise 
and other high frequency components that are not useful in 
determining a vehicle rollover condition. The loW pass ?lter 
function 30 provides a srnoothed signal 32 to an integrator 
function 34 having a value indicative of vehicle roll rate 
(i.e., angular velocity). The integrator function 34, in turn, 
integrates the signal 32 from the loW pass ?lter function 30 
to provide a value indicative of a determined relative roll 
angle of the vehicle 12 that is determined based on the roll 
rate value 32. 

[0018] The output of the integrator function 34 is digitally 
high pass ?ltered by a high pass ?lter function 36, Which 
could be performed as part of the integrator function 34. The 
high pass ?lter function 38 provides a signal having a value 
38 indicative of a normalized roll angle of the vehicle 12 that 
is functionally related to the roll rate value 32. Speci?cally, 
the roll angle value 38 indicates a relative amount of angular 
rotation of the vehicle in response to a sensed roll rate. The 
roll angle value 38 may be reset based on a time constant 
selected for the ?lter function 36, so that the roll angle value 
38 provides an indication of angular rotation during the 
occurrence of a detected roll rate. The roll angle value 38, 
thus, may not indicate the actual angular orientation of the 
vehicle 12 relative to the ground. In this Way, the determi 
nation of a vehicle rollover condition need not depend on a 
determination of an initial angular orientation of the vehicle 
relative to the ground or road. 

[0019] The roll angle value 38 from the high pass ?lter 
function 36 is provided to a roll angle indexing function 40. 
The roll angle indexing function 40 is con?gured to, in 
accordance With the present invention, index a roll rate 
threshold deterrnining function 42. The indexing function 40 
divides the determined roll angle value into discrete roll 
angle index values 44 that are provided to the roll rate 
threshold function 42. The roll rate threshold function 42, for 
example, is a look-up table that contains values of a variable 
roll rate threshold Which are stored as a function of roll 
angle. The variable roll rate threshold function 42 provides 
a roll rate threshold value 46 functionally related to the index 
value 44 provided by the indexing function 40. Alterna 
tively, the threshold value 46 could be calculated based on 
the roll angle index value using predeterrnined equations. 

[0020] The roll rate threshold deterrnining function 42 
provides the threshold value 46 to an input of a comparator 
function 48. The ?ltered roll rate value 32 from the loW pass 
?ltering function 30 is provided to another input of the 
comparator function 48. The cornparator function 48 pro 
vides an output based on a comparison of the ?ltered roll rate 
value 32 and the roll rate threshold value 46, Which is 
determined based on the roll angle index value 44. Speci? 
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cally, the comparator function 48 provides an output signal 
having a digital logic level (e.g., TRUE or FALSE) that 
indicates Whether the ?ltered roll rate value 32 from loW 
pass ?lter function 30 crosses or, more particularly, exceeds 
the indexed threshold value 46. 

[0021] An example of threshold values for the roll rate 
threshold deterrnining function 38 is illustrated in FIG. 2 for 
a particular vehicle platforrn. Roll rate threshold values are 
provided only in quadrants one (“I”) and three (“III”) of the 
graphical representation, indicated respectively at 
THRESHOLD_I and THRESHOLD_III. Quadrant one rep 
resents a vehicle condition When both the determined rela 
tive roll angle and roll rate have positive values. Sirnilarly, 
quadrant three corresponds to When both the determined 
relative roll angle and the roll rate both have negative values. 
The second and fourth quadrants represent situations When 
the vehicle 12 is returning to a normal angular orientation 
relative to the ground. Accordingly, it is desirable to perform 
the comparison function 48 only When the roll rate signal 
and the indexed roll angle have values that de?ne a point that 
lies in quadrants I or III (e. g., both the roll rate and roll angle 
have the same sign). 

[0022] To this end, a quadrant detection rollover algorithm 
50 is used to determine Whether the roll rate and roll angle 
values are both in quadrant one or are both quadrant three. 
This condition is met provided that, for example, the roll 
angle value 38 is greater than or equal to 0° and the roll rate 
value 32 is greater than or equal to 0° per unit time or (ii) the 
roll angle value 38 is less than or equal to 0° and the roll rate 
value 32 is less than or equal to 0° per unit time. 

[0023] By Way of example, the roll rate value 32 is 
provided to an input of a comparator function 52. Within a 
rnicrocornputer, the roll rate value 32 is a digital value that 
is compared to a reference value by a comparator function 
52. A roll rate reference value 54 (e.g., 0°/second) is 
provided to another input of the comparator 52. The corn 
parator 52 determines Whether the roll rate value is greater 
than or equal to the reference value and provides a corre 
sponding output to an input of an AND function 56. A roll 
angle reference value 58 (e.g., 0°) is provided to an input of 
a comparator function 60. The determined relative roll angle 
value 38 is provided to another input of the comparator 
function 60. The cornparator 60 determines if the roll angle 
value 38 is greater than the reference value 58. The corn 
parator 60 provides a digital output value to another input of 
the AND function 56 based on a comparison of the deter 
mined roll angle value 32 and the reference value 58. The 
AND function 56 provides a digital output signal (e.g., 
TRUE or FALSE) in response to the signals from the 
cornparators 52 and 60. 

[0024] Similar logic is provided to determine Whether the 
roll rate and roll angle de?ne a point lying in quadrant III. 
For example, the roll rate value 32 is provided to an input of 
a comparator function 64. The roll rate threshold value 54 is 
provided to another input of the comparator 64. The corn 
parator 64 determines Whether the roll rate value is less than 
or equal to the threshold value (i.e., has a negative value). 
The cornparator function 64 provides a corresponding digital 
output signal to an input of an AND function 66. The roll 
angle reference value 58 also is provided to an input of 
another cornparator function 68. The determined roll angle 
value 38 is provided to another input of the comparator 
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function 68, Which, in turn, provides a corresponding digital 
output signal to another input of the AND function 66. The 
AND function 66 provides a digital output signal (e.g., 
TRUE or FALSE) in response to the signals from the 
comparators 64 and 68. 

[0025] Referring to FIG. 2 and assuming, for purposes of 
explanation, that the roll rate value 32 has a positive value 
R1 and the roll angle value 38 also is positive value O1, then 
each of the comparators 52, 60 outputs a TRUE or HIGH 
condition to the AND function 56. The AND function 56, in 
turn, provides a digital TRUE output signal; Which indicates 
that the roll rate value and the roll angle value de?ne a point 
lying in quadrant I. The other part of the quadrant determi 
nation algorithm 50 (e.g., 64, 66, 68) performs a similar 
quadrant determination of Whether the roll rate value 32 and 
the roll angle value 38 de?ne a point lying in quadrant III. 

[0026] Each of the AND functions 56, 66 provides a 
respective digital output signals to an associated input of an 
OR function 70. The OR function 70 controls operation of 
the comparator function 48. Speci?cally, the OR function 70 
provides a control signal (e.g., ON or OFF) to the compara 
tor function 48 for controlling operation of the comparator 
in response to the output values from the AND functions 56 
and 66. For example, in the situation When AND function 56 
provides a TRUE condition to the OR function 70 (e.g., roll 
rate and roll angle are in quadrant I), the OR function 70 
provides a digital TRUE or ON output signal to a control 
input of the comparator function 48. This enables operation 
of the comparator function 48 to check the roll rate value 32 
against the roll rate threshold value 46. The comparator 
function also is enabled When the AND function 66 provides 
a digital TRUE condition to the OR function 70. In a 
microcomputer embodiment of the system 10, the quadrant 
detection algorithm 50 and control of the comparator func 
tion Would be implemented as softWare stored in appropriate 
memory. The control logic, for example, might be imple 
mented using Well knoWn IF and THEN statements, 
although other logic operations also could be used. 

[0027] The rollover comparator function 48 of the con 
troller 26, thus, is operative to check the roll rate threshold 
only When the roll rate and roll angle have values that de?ne 
a point in the ?rst quadrant or in the third quadrant (e.g., see 
FIG. 2). This helps prevent against erroneously determining 
the occurrence of a vehicle rollover condition if the roll rate 
and roll angle values are in the second or fourth quadrants, 
as mentioned above. The roll rate thresholds in quadrants 
one and three also are determined, such as from empirical 
testing for a particular vehicle platform, so as to detect 
vehicle rollover for a plurality of different maneuvers Which 
may result in a rollover condition. 

[0028] Alternatively, a single set of roll threshold values, 
such as corresponding to THRESHOLD_I in quadrant I of 
FIG. 2, may be provided by the roll rate threshold deter 
mining function 42. In this alternative embodiment, the 
angle indexing function 40, for example, provides to the roll 
rate threshold function 42 an absolute value of the deter 
mined roll angle or disregards the sign. Accordingly, the 
comparator function 48 compares the magnitude of the roll 
rate signal against the corresponding indexed threshold 
value. A quadrant determination algorithm, such as 50 of 
FIG. 1, hoWever, Would still be used to control the com 
parator function 48 so that the roll rate value is compared 
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against the indexed threshold only When the roll rate value 
and roll angle value de?ne a point that lies in quadrant I or 
III. 

[0029] Referring back to FIG. 1, the output of the com 
parator function 48 is provided to a latch function 74. The 
latch function 74 latches the comparator output to an input 
of an AND function 76 for a predetermined length of time, 
such as about one second. Another latch function 78 pro 
vides a signal to another input of the AND function 76, also 
for a predetermined time period of about one second. The 
signal from the latch function 78 represents a sa?ng condi 
tion signal from one or more sa?ng sensors. 

[0030] By Way of example, one sa?ng sensor may include 
an accelerometer 80 operative to sense lateral acceleration of 
the vehicle (e.g., side-to-side acceleration in a direction 
parallel to the Y-axis). The lateral accelerometer 80 provides 
a signal having an electrical characteristic indicative of the 
lateral acceleration of the vehicle 12. The signal from the 
lateral accelerometer 80 is provided to a ?lter netWork 82 
formed of an appropriate combination of high pass and loW 
pass ?lters. Additional ?ltering also may occur Within the 
controller 26, such as through digital ?ltering techniques. 

[0031] The ?lter netWork 82 provides a ?ltered accelera 
tion signal to an appropriate A/D converter 84. The A/D 
converter 84, in turn, provides the digitiZed signal to an input 
port of the controller 26. Speci?cally, the digitiZed signal is 
provided to an input of a comparator function 86. A lateral 
acceleration threshold function 88 provides to another input 
of the comparator function 86 a reference signal indicative 
of a lateral acceleration threshold value. The threshold of 
lateral acceleration is, for example, set from about 0.5 g to 
about 0.75 g (g being the value of acceleration due to earth’s 
gravity, i.e., 32 feet per second squared or 9.8 m/s2). This 
level of lateral acceleration helps ensure that this aspect of 
rollover sa?ng Will be triggered ON When the vehicle rolls 
about 30° or experiences severe cornering. The comparator 
function 86, in turn, provides a digital logic signal (e.g., 
indicating a TRUE or FALSE condition) to an input of an 
OR function 90 indicating Whether the digitiZed lateral 
acceleration signal exceeds the lateral acceleration threshold 
value 88. 

[0032] Another sa?ng sensor is a vertical accelerometer 
92. The vertical accelerometer 92 has an axis of sensitivity 
oriented vertically relative to a direction of travel of the 
vehicle 12 (e.g., extending up and doWn through the 
vehicle). The vertical accelerometer 92 provides a signal 
having electrical characteristic indicative of the vertical 
acceleration of the vehicle 12. The vertical accelerometer 92 
provides the acceleration signal to an appropriate ?lter 
netWork 94 formed of high pass and loW pass ?lters. The 
?lter netWork 94 provides a ?ltered signal to an appropriate 
A/D converter 96. The A/D converter 96 provides a digitiZed 
indication of the vertical acceleration to an input of a 
comparator function 98. A vertical acceleration threshold 
function 100 provides a reference acceleration signal to 
another input of the comparator function 98. The vertical 
acceleration threshold function 100 provides an acceleration 
threshold value that is, for example, about tWice that of the 
lateral acceleration threshold value 88, i.e., from about 1 to 
about 1.5 g. The comparator function 98 provides a digital 
output signal to another input of the OR function 90 indi 
cating Whether the sensed vertical acceleration exceeds the 
vertical acceleration threshold value 100. 
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[0033] Additional sa?ng functions may be provided by 
other sensors 102, such as an angular sensor and/or one or 
more other acceleration sensing devices. The other sensors 
102 provide a signal, Which may be ?ltered (?lter circuitry 
not shoWn), to an appropriate A/D converter 104. The A/D 
converter 104 provides a digitiZed signal to an input of 
another comparator function 106 indicative of the charac 
teristic sensed by the sensor 102. A threshold function 108 
provides a corresponding reference signal to another input of 
the comparator function 106. The comparator function 106 
compares the digitiZed value of the sensor signal With the 
reference values provided by the reference threshold func 
tion 108 and provides a digital HIGH signal When the 
threshold is exceeded. When the other sensor 102 is a sa?ng 
sWitch device, such as, for example, a sWitch responsive to 
inertia or angular orientation of the vehicle 12, a logic signal 
indicative of the state of such sWitch may be provided 
directly to an input of the OR function 90. A threshold is 
built directly into an electromechanical inertia sWitch or an 
electromechanical roll angle sWitch that closes contacts 
When a predetermined acceleration or roll angle is experi 
enced. 

[0034] The OR function 90 provides a digital output signal 
to the latch function 78, Which indicates the Boolean result 
of ORing the signals from the respective sa?ng comparator 
functions 86, 98, and 106. The latch function 78 is operative 
to latch the corresponding digital output signal to the AND 
function 76 for a predetermined time period, such as from 
about one to about tWo seconds. Because the sa?ng signals 
are latched for a predetermined duration, there is an 
increased likelihood that a TRUE condition output signal 
from latch 78 Will occur simultaneously With a TRUE 
condition output signal from the other latch function 74. 

[0035] The signals from latch functions 74 and 78 are 
provided to the AND function 76. The AND function 76, in 
turn, provides a digital logic signal (e.g., TRUE or FALSE) 
indicating Whether the roll rate eXceeds the variable roll rate 
threshold 46 and at least one of the sensed sa?ng conditions 
has been satis?ed, i.e., the output of 48 is TRUE. Because 
the latch functions 74 and 76 latch their respective output 
signals for a predetermined time period, the occurrence of a 
vehicle rollover condition may be determined even if the 
sa?ng comparator functions 86, 98, 106 do not provide 
TRUE condition output signals contemporaneously With the 
comparator function 48 providing a digital TRUE output 
signal. The output of the AND function is provided to a ?re 
controller 110 Which controls actuation of one or more 
occupant protection devices 112. 

[0036] By Way of eXample, the occupant protection device 
112 could be an in?atable occupant protection device (e.g., 
an air bag or air curtain), a seat belt pretensioner device, an 
actuatable roll bar and/or other actuatable device capable of 
helping protect an occupant during a vehicle rollover con 
dition. 

[0037] In vieW of the foregoing structure described above, 
the operation of the system 10 of FIG. 1 Will be better 
appreciated With respect to the exemplary ?oW diagram of 
FIG. 3. The process begins at step 120, such as at poWer-up, 
in Which parameters are initialiZed and ?ag conditions are 
set to their starting values. 

[0038] From step 120, the process proceeds to step 122 in 
Which the roll rate of the vehicle is sensed. This is accom 
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plished by the roll rate sensor (e.g., 14 of FIG. 1) sensing the 
roll rate of the vehicle and providing a roll rate signal to the 
controller (e.g., 26 of FIG. 1). NeXt, the process continues 
to step 124 in Which a roll angle is determined. For eXample, 
this is accomplished by integrating the roll rate signal to 
provide an indication of the roll angle. The process proceeds 
to step 126. 

[0039] At step 126, a predetermined roll rate threshold is 
indeXed to provide a roll rate threshold based on the roll 
angle determined at step 124. As stated above, the roll rate 
threshold has a value functionally related to the roll angle. 
The threshold values are empirically determined for a par 
ticular vehicle platform and the roll rate sensor arrangement 
being used. The process then proceeds to step 128. 

[0040] At step 128, a determination is made Whether the 
roll rate and roll angle values de?ne a point in quadrant I 
(e.g., see FIG. 2). This determination, for eXample, checks 
to see Whether the determined roll angle has a value that 
is greater than or equal to Zero and (ii) the roll rate has a 
value that is greater than or equal to Zero. If this determi 
nation is negative, indicating that the roll rate value (e.g., 32 
of FIG. 1) is not in the ?rst quadrant, the process proceeds 
to step 130. 

[0041] At step 130, a determination is made Whether the 
roll rate and roll angle values de?ne a point that lies in 
quadrant III. For eXample, the determination is implemented 
by determining Whether the determined roll angle has a 
value that is less than or equal to Zero and (ii) the roll rate 
has a value that is less than or equal to Zero. If this 
determination is negative, the process returns to step 122. 
On the other hand, if the determination is af?rmative, then 
the process proceeds to step 132. Consequently, the process 
advances to step 132 only if the roll rate and roll angle de?ne 
a point that is in quadrant three. Other algorithms could be 
used to make the quadrant determination (steps 128, 130). 

[0042] At step 132, a determination is made Whether the 
roll rate value is less than the value of the indeXed roll rate 
threshold. If this determination is negative, the process 
returns to step 122, indicating that no vehicle rollover 
condition eXists. If, hoWever, the determination is af?rma 
tive, indicating the roll rate has crossed the threshold value 
(i.e., roll rate is less than the threshold values), then the 
process proceeds to step 134. 

[0043] If the determination at step 128 is af?rmative, 
indicating that the roll rate value (e.g., 32 of FIG. 1) is in 
quadrant one, the process advances to step 133. At step 133, 
a determination is made as to Whether the determined roll 
rate is greater than an indeXed threshold value. If the 
determination is negative, the process returns back to step 
122, indicating that no deployment crash event has started. 
If the determination at step 133 is af?rmative, a TRUE logic 
signal is provided (e.g., indicating the occurrence of deploy 
ment crash event). After an affirmative determination at 
either step 132 or 133, the process proceeds to step 134. 

[0044] At step 134, an indication of the occurrence of the 
determined vehicle rollover condition (step 132 or step 133) 
is latched TRUE. For eXample, a vehicle rollover TRUE 
condition signal is latched for a predetermined time period, 
such as about one second. From step 134, the process 
proceeds to step 136. At step 136, a determination is made 
Whether the sa?ng function is TRUE, such as a digital TRUE 
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condition output signal being provided by one of the sa?ng 
comparator functions (e.g., 86, 98, 106 of FIG. 1). If the 
sa?ng function is not TRUE While the vehicle rollover 
condition is latched TRUE, the process returns to step 122. 
This is indicative of non-deployment rollover condition 
since a sa?ng TRUE condition did not coincide With the roll 
rate value crossing a variable threshold value (in quadrant 
one or three). 

[0045] In contrast, if the determination at step 136 is 
af?rmative, indicating that at least one of the sa?ng criteria 
has been satis?ed (e.g., sa?ng=TRUE), the process proceeds 
to step 140. At step 140, an appropriate vehicle occupant 
protection device (e.g., 112 of FIG. 1) is actuated to help 
protect a vehicle occupant during the occurrence of the 
detected vehicle rollover condition. 

[0046] Avehicle rollover crash condition is complex, With 
many different factors potentially producing a rollover con 
dition. Some factors that may contribute to a vehicle rollover 
condition include, for example, excessive lateral accelera 
tion, path cross-slope on or off road, tripping interferences, 
such as curbs, soft ground or other obstructions. Conse 
quently, rollover sa?ng, such as With vertical and lateral 
accelerometers, may not occur simultaneously With the roll 
rate exceeding the roll rate threshold. Therefore, a sa?ng ON 
condition signal is latched (e.g., by latch 78 of FIG. 1) for 
a predetermined time period, such as about one second. The 
rollover condition signal also is latched (e.g., by latch 74 of 
FIG. 1) for a predetermined time period of, for example, 
about one second. In this Way, there is an increased likeli 
hood that the latched sa?ng ON condition signal and the 
latched rollover condition signal Will overlap during a 
vehicle rollover condition. This overlap is required for, in 
accordance With the exemplary embodiments of FIGS. 1 
and 3, determining the occurrence of a vehicle rollover 
condition. 

[0047] Alternatively, the system could be implemented 
Without a redundant sa?ng determination. In this situation, 
actuation of the vehicle occupant protection device could be 
in controlled in response to the roll rate only crossing the 
rollover threshold. 

[0048] FIGS. 4-9 illustrate vehicle roll rate dynamics 
plotted against the roll rate thresholds shoWn in FIG. 2 for 
different types of vehicle maneuvers. These include both 
rollover and non-rollover events. The variable roll rate 
threshold is indicated at TI and TIII in quadrants I and III, 
respectively, for each of FIGS. 4-9. The sensed vehicle roll 
rate characteristics are shoWn as a series of dots in each 
?gure as a function of the angle index (e.g., the value 
provided by roll angle indexing function 40 of FIG. 1). 
[0049] FIG. 4 shoWs an example of a 50 mile per hour 
screW ramp maneuver for a particular vehicle platform. In a 
screW ramp rollover condition, the vehicle leaves the ground 
and rolls after it hits a screW ramp. This rollover condition 
is characteriZed in that the vehicle roll rate is fast enough to 
roll the vehicle over a critical angle before its Wheels hit the 
ground and it bounces the vehicle back to a normal orien 
tation relative to the ground. The sensed roll rate values, 
indicated at 200 for corresponding indexed roll angle values, 
are shoWn by dots in the graph. The roll rate value crosses 
the threshold TI at a roll angle of about 35°, indicated at 202. 
Consequently, appropriate occupant protection device(s) 
Would be actuated in this situation provided that one or more 
of the sa?ng conditions also are satis?ed. 
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[0050] FIG. 5 shoWs an example of a 75 mile per hour 
cornering maneuver for a particular vehicle platform in 
Which the vehicle steering is at about 750° relative to a 
center steering position. The values of the vehicle roll rate as 
a function of the roll angle index are represented by dots at 
204. This type of rollover condition begins With a Zero roll 
rate and the roll rate develops sloWly due, at least in part, to 
the dynamics of tire force. The roll rate increases With an 
increase in the roll angle index, crossing the roll rate 
threshold TI at a roll angle of about 35°, indicated at 206. 
This indicates a vehicle rollover condition, Which Will result 
in actuation of appropriate occupant protection device(s) 
provided that at least one of the sa?ng criteria also is 
satis?ed. 

[0051] FIG. 6 shoWs an example of a rollover condition 
for a steep embankment maneuver at about 50 miles per 
hour. In a steep embankment maneuver, the vehicle travels 
along an embankment having an angle of at least about a 10° 
angle, Which results in an initial angle for the vehicle about 
its long axis (e.g., the X-axis of FIG. 1). The roll rate values 
versus roll angle for the steep embankment maneuver are 
indicated by as series of dots at 208. The roll rate values 208 
are similar to that of the cornering rollover condition of FIG. 
5, although the roll rate initially increases more rapidly as 
function of roll angle. This is due to the initial angular 
orientation of the vehicle traveling on the embankment. A 
vehicle rollover condition is determined When the roll rate 
crosses the threshold TI at an indexed roll angle of about 30°, 
indicated at 210. An occupant protection device Would be 
actuated provided that one of the sa?ng criteria also is 
satis?ed. 

[0052] FIG. 7 shoWs an example of roll rate versus 
indexed roll angle for a 50 mile per hour cliff maneuver. In 
a cliff maneuver, the Wheels of one side of the vehicle (e.g., 
driver side) are on the ground While the Wheels on the other 
side (e.g., passenger side) are substantially free falling, such 
as being over an edge of a cliff. The plot of roll versus roll 
angle, indicated at 212, is similar to a steep embankment 
rollover. For this maneuver, the vehicle roll rate 212 crosses 
the roll rate threshold TI at an indexed roll angle of about 
30°, indicated at 214. Appropriate occupant protection 
equipment Would, thus, be actuated in this situation provided 
that at least one of the sa?ng conditions also are met. 

[0053] FIG. 8 illustrates a free roll maneuver With an 
initial roll angle. The roll rate versus indexed roll angle is 
indicated at 216. This maneuver does not result in vehicle 
rollover, as the roll rate never exceeds the threshold TI for a 
given roll angle index value. In this maneuver, the vehicle 
changes betWeen positive and negative roll rate values 
several times While maintaining a positive relative roll angle 
(i.e., the roll rate values are in quadrants one and tWo). 
Although the initial roll angle maybe greater than Zero, the 
controller 26 begins integration of the vehicle roll rate signal 
32 from Zero. 

[0054] FIG. 9 is an example of a 27 mile per hour 
corkscreW maneuver. The roll rate versus roll angle values 
are represented as a series of dots 218. The roll rate values 
218 include both positive and negative components, indi 
cating angular rotation of the vehicle in opposite directions 
about the axis of the roll rate sensor (e.g., 14 of FIG. 1). 
HoWever, the roll rate values 218 fail to cross threshold TI 
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in quadrant I as Well as fail to cross threshold TIII in quadrant 
III. Consequently, no occupant protection devices Would be 
actuated in this situation. 

[0055] In vieW of the foregoing, the severity of rollover 
events can be divided into three categories as a function of 
the roll rate, namely, high, intermediate, and loW severity 
events. Each type of rollover crash condition requires unique 
time-to-?re characteristics. The exemplary embodiment of 
the system described above, utiliZes a threshold, Which 
varies as a function of roll angle, to provide appropriate 
time-to-?re characteristics for each type of vehicle rollover 
condition. 

[0056] From the above description of the invention, those 
skilled in the art Will perceive improvements, changes and 
modi?cations. Such improvements, changes and modi?ca 
tions Within the skill of the art are intended to be covered by 
the appended claims. 

Having described the invention, the folloWing is claimed: 
1. A rollover sensing system comprising: 

a roll rate sensor operative to sense a rate of rotation of a 
vehicle and to provide a roll rate signal having an 
electrical characteristic indicative thereof; and 

a controller connected to said roll rate sensor, said con 
troller being operative to determine a roll angle of the 
vehicle based on the roll rate signal, said controller 
including a threshold having a value functionally 
related to roll angle, said controller determining the 
occurrence of a vehicle rollover condition in response 
to the sensed roll rate crossing said threshold. 

2. A system as set forth in claim 1 Wherein said rollover 
sensing system is used in an occupant protection system that 
includes an actuatable vehicle occupant protection device 
for, When actuated, helping protect a vehicle occupant 
during a vehicle rollover condition, said controller effecting 
actuation of said occupant protection device in response to 
determining the occurrence of a vehicle rollover condition. 

3. A system as set forth in claim 2 further including an 
acceleration sensor for sensing vehicle acceleration and 
providing an acceleration signal having an electrical char 
acteristic indicative of the sensed acceleration, said control 
ler determining the occurrence of a vehicle rollover condi 
tion in response to the sensed roll rate having a value that 
exceeds said threshold value and (ii) the acceleration signal 
exceeding a threshold level. 

4. A system as set forth in claim 2 further including ?rst 
and second accelerometers for sensing vehicle acceleration 
along different axes Which are both transverse to a direction 
of vehicle travel, said ?rst accelerometer providing a ?rst 
acceleration signal having an electrical characteristic indica 
tive of the vehicle acceleration sensed thereby, said second 
accelerometer providing a second acceleration signal having 
an electrical characteristic indicative of the vehicle accel 
eration sensed thereby, said controller determining the 
occurrence of a vehicle rollover condition in response to the 
sensed roll rate of having a value that exceeds said threshold 
value, and at least one of the ?rst acceleration signal 
exceeding a ?rst acceleration threshold and (ii) the second 
acceleration signal exceeding a second acceleration thresh 
old. 

5. Asystem as set forth in claim 2 Wherein said controller 
compares the sensed roll rate With said threshold only if the 
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direction of the determined roll angle and the sign of roll rate 
indicate a possibility of a rollover condition. 

6. Asystem as set forth in claim 2 Wherein said controller 
includes means for comparing the sensed roll rate With said 
threshold, said means for comparing being operative only if 
(i) said determined roll angle has a value greater than or 
equal to 0° and said roll rate has a value greater than or equal 
to 0° per unit time or (ii) said determined roll angle has a 
value less than or equal to 0° and said roll rate has a value 
less than or equal to 0° per unit time. 

7. A method for sensing vehicle rollover, said method 
comprising the steps of: 

sensing a roll rate of rotation of the vehicle; 

determining a roll angle based on sensed roll rate; 

providing a roll rate threshold having a value functionally 
related to roll angle; 

determining Whether the sensed roll rate crosses the roll 
rate threshold; and 

providing a control signal in response to determining that 
the roll rate crosses the threshold. 

8. A method as set forth in claim 7 further including the 
step of actuating an occupant protection device in response 
to the control signal. 

9. A method as set forth in claim 8 further including the 
step of sensing vehicle acceleration along an axis transverse 
to a direction of vehicle travel, the control signal being 
provided in response to the sensed roll rate exceeding the 
roll rate threshold value and (ii) the sensed acceleration 
exceeding an acceleration threshold. 

10. A method as set forth in claim 9 further including 
sensing vehicle acceleration along tWo different axes trans 
verse to a direction of vehicle travel, the control signal being 
provided in response to the sensed roll rate of having a value 
that exceeds said roll rate threshold value and at least one of 
sensed vehicle acceleration exceeding a corresponding 
acceleration threshold value. 

11. A method as set forth in claim 7 further including the 
steps of comparing the sensed roll rate With the roll rate 
threshold value only When the direction of the determined 
roll angle and the sign of the sensed roll rate indicate a 
possibility of a rollover condition. 

12. A method as set forth in claim 7 further including the 
steps of comparing the sensed roll rate With the threshold 
only if the determined roll angle has a value greater than 
or equal to 0° and the roll rate has a value greater than or 
equal to 0° per unit time or (ii) the roll angle has a value less 
than or equal to 0° and the roll rate has a value less than or 
equal to 0° per unit time. 

13. A rollover sensing system comprising: 

means for sensing a rate of rotation of a vehicle and 
providing a roll rate signal having an electrical char 
acteristic indicative thereof; and 

control means for determining a roll angle of the vehicle 
based on the roll rate signal, said control means having 
a threshold that has a value functionally related to roll 
angle, said control means determining the occurrence 
of a vehicle rollover condition in response to the sensed 
roll rate crossing said threshold. 

* * * * * 


